Reconsolidation of a long-term memory (LTM) in the snail Lymnaea stagnalis can be disrupted by cooling, an RNA synthesis blocker (actinomycin D), and by specifically ablating the soma of a cell we know is a site of LTM consolidation (right pedal dorsal 1, RPeD1). Aerial respiratory behavior was conditioned operantly by applying a gentle tactile stimulus to the pneumostome area (the respiratory orifice) every time the snail began to open its pneumostome to perform aerial respiration. This resulted in a reduction of this behavior while leaving cutaneous respiration intact. One week after training one-half of the animals received a memory reactivation session, which was similar to the original training (i.e., animals received reinforcement). All animals then received 1 hr of cooling, an injection of actinomycin D or saline, or the soma ablation procedure. This was followed by a test for savings 4 hr or 4 d later, which was also similar to the original training. Only those animals that received both the memory reactivation session and the treatment showed memory impairment during the test for savings. That is, the impairment was contingent on memory reactivation. These data indicate that reconsolidation requires both new RNA and protein synthesis to stabilize a reactivated memory, and it demonstrates that the soma of RPeD1, a cell that we have shown previously to be required in the consolidation of an LTM, is necessary for reconsolidation. These data suggest that the critical molecular processes occurring during both consolidation and reconsolidation transpire in the same cell in Lymnaea.
Introduction
The notion that events experienced immediately before brain trauma are the ones most likely to be forgotten (Ribot, 1882) led to the consolidation hypothesis, stating that memories initially exist in a fragile form and are strengthened over time (Muller and Pilzecker, 1900) . More recently, there have been accounts that a memory reenters a labile state with memory reactivation and must be reconsolidated before once again returning to a stable state. The occurrence of a reconsolidation phase was demonstrated first by Lewis in 1968 (Misanin et al., 1968 and since has been demonstrated in rodents (Przybyslawski and Sara, 1997; Nader et al., 2000; Taubenfeld et al., 2001) , Limax (Yamada et al., 1992; Sekiguchi et al., 1997) , chicks (Anokhin et al., 2002) , and crab (Pedreira et al., 2002) .
Like consolidation, cAMP response element-binding protein (CREB) also is required in the reconsolidation of a conditioned fear memory in mice (Kida et al., 2002) , and there are several reports that protein synthesis is required during reconsolidation in a variety of learning paradigms (Judge and Quartermain, 1982; Nader et al., 2000; Anokhin et al., 2002; Debiec et al., 2002; Kida et al., 2002; Milekic and Alberini, 2002; Pedreira et al., 2002) . Adding these findings to the knowledge that reconsolidation has been demonstrated in evolutionarily diverse systems, there is an expectation that the molecular events involved in reconsolidation will be conserved across species.
The freshwater snail Lymnaea stagnalis serves as an excellent model in the study of learning and memory . Because Lymnaea are bimodal breathers, it is possible to modulate one of its respiratory behaviors while leaving the other unaffected. More specifically, we use an operant (i.e., instrumental) conditioning paradigm to decrease the occurrence of aerial respiratory behavior (Lukowiak et al., 1996 (Lukowiak et al., , 1998 . These snails still can breathe cutaneously, and thus our procedure is not harmful to the animals.
Aerial respiration is controlled by a well characterized threeneuron central pattern generator (CPG) for which the sufficiency and necessity have been demonstrated (Syed et al., 1990 (Syed et al., , 1992 . Because nondeclarative memories are defined as being stored within the same network that mediates the behavior (Milner et al., 1998) , the changes induced by operant conditioning of aerial respiratory behavior must be stored within the respiratory CPG in Lymnaea. Indeed, such changes have been found in one of the three neurons that constitute the CPG, right pedal dorsal 1 (RPeD1). Neural correlates of learning and memory have been found in RPeD1 (Spencer et al., 1999 (Spencer et al., , 2002 ; as well, the soma of RPeD1 has been shown to be necessary for the formation of new long-term memories (Scheibenstock et al., 2002 ).
Here we demonstrate that reconsolidation of a long-term memory can be interrupted by cooling, an RNA synthesis blocker, and by ablating just the soma of the cell RPeD1. This disruption is contingent on memory reactivation; in those animals in which the memory was not reactivated, the treatments did not have any effect on memory performance. Thus new RNA and protein synthesis and the soma of RPeD1 are necessary for reconsolidation of a previously established memory.
Materials and Methods
Subjects. Lymnaea stagnalis were bred and raised in the snail facility at the University of Calgary. All snails that were used (2.5-3.0 cm) were maintained at room temperature (23°C) and had continuous access to lettuce in their home eumoxic (i.e., normal levels of O 2 ; 6 ml O 2 /l) aquaria.
Operant conditioning procedure. Individually labeled snails were placed in a 1 l beaker containing 500 ml of room temperature hypoxic pond water. The water was made hypoxic (Ͻ 0.1 ml O 2 /l) by bubbling N 2 through it 20 min before and during training. In all of the training sessions, memory reactivation sessions, and tests for savings, a gentle tactile stimulus (using a sharpened wooden applicator) was applied to the pneumostome area (the respiratory orifice) every time the snail began to open its pneumostome to perform aerial respiration. This tactile stimulus evoked only pneumostome closure; it did not cause the animal to withdraw its foot and mantle area (i.e., the whole-animal withdrawal response). Pneumostome stimulation also did not cause the snails to sink to the bottom of the beaker. The time of each attempted opening was recorded and tabulated. In all experiments the snails first were given a 10 min acclimatization period in which they could perform aerial respiration without receiving reinforcement. The onset of operant conditioning training was initiated by gently pushing the snails beneath the water surface. Between each training session and between the last training session and the test for savings, as in all of our previous experiments, snails were placed in eumoxic pond water where they were allowed to perform aerial respiration freely. We did not monitor the snails' breathing behavior during the periods they were in their eumoxic home aquaria.
In all experiments, which were done blindly, snails first were administered four 45 min operant conditioning sessions. The first two training sessions were given on the same day at 1 hr apart. The next day the third and fourth training sessions were given, also 1 hr apart. Both the memory reactivation session and the test for savings involved applying reinforcement, similar to the original training. We refer to the test for savings as such because this is the session in which the memory is being assessed for successful reconsolidation.
Yoked training procedure. Snails that received yoked training were treated in an identical manner as that outlined in Operant conditioning procedure, with one exception. During the training period the yoked snails received exactly the same number of stimuli with the use of the same pattern of stimulation as those of the operant conditioning group; however, the stimuli were not contingent on the animal making pneumostome opening movements. If the pneumostome area was not readily accessible, the stimulus was applied in the proximity of the pneumostome (Lukowiak et al., 1996 (Lukowiak et al., , 1998 .
Operational definitions of learning and memory. We have defined memory operationally as we have done previously (Lukowiak et al., 1996 (Lukowiak et al., , 1998 Spencer et al., 1999 Spencer et al., , 2002 . Learning was present if the number of attempted pneumostome openings in the fourth training session was significantly less than the number of attempted openings in the first training session. To be defined as memory, two criteria had to be met: (1) the number of pneumostome openings in the test for savings was significantly lower than that of the first training session, and (2) the number of pneumostome openings in the test for savings was not significantly higher than that of the last training session. If these criteria were not met, it was not designated as memory for operant conditioning.
Statistical analysis. To determine whether the experimental manipulation had an effect when compared with the control group and whether the number of attempted pneumostome openings was altered significantly as a result of operant conditioning, we performed repeated measures one-way ANOVAs, testing both a between-group factor [i.e., MR (memory recall) vs NoMR (no memory recall)] and a within-group factor (i.e., training sessions vs tests for savings) (Zar, 1999) . If the ANOVA was significant ( p Ͻ 0.05), a post hoc Scheffé's comparison was performed to show which groups and sessions were significantly different. Differences were considered to be significant if p Ͻ 0.05.
Cooling procedure. One liter beaker filled with 500 ml of eumoxic water was prechilled and maintained at 4°C; it served as the cooling apparatus. We have shown previously that the cooling procedure does not affect the snails adversely and either can block or extend the memory for operant conditioning, depending on when it is applied (i.e., during or after memory consolidation, respectively) .
Injections. The RNA synthesis blocker (dissolved in saline) or saline control was injected into the hemocoel through the foot of the snail. The concentration used was 1 g of actinomycin D (RNA synthesis blocker) per milliliter of snail volume. Previously, this same concentration was used effectively in our laboratory to block the transcription process (Feng et al., 1997; van Minnen et al., 1997; Hamakawa et al., 1999) . We also have demonstrated directly that this blocker inhibits protein synthesis (Feng et al., 1997; van Minnen et al., 1997) and that this particular blocker differentially affects intermediate-term (ITM) memory and long-term (LTM) memory .
We recalculated the concentration to an amount of 0.1 ml to be injected in snails, with volumes of 3 ml. We have demonstrated previously that animals injected with actinomycin D do not show signs of sickness until 8 hr after injection . All of the tests for savings performed in this study are within this time window (i.e., 8 hr after injection).
Soma ablation procedure. It has been shown previously that the soma of RPeD1 is required for LTM formation (Scheibenstock et al., 2002) . The ablation procedure here was performed in the same manner as before (Scheibenstock et al., 2002) . The ablation involved anesthetizing the animals with 1-3 ml of 50 mM MgCl 2 that was injected through the foot. This paralyzed the snail, allowing a dorsal midline incision to be made that exposed the animal's brain. Using a fine glass hand-held microelectrode, we ablated the RPeD1 soma by gently "poking" it. The incision was small enough to allow the animal to heal without suturing. Animals began to wake from the effects of the anesthetic within several hours of the surgery.
To ensure that the soma of the proper cell indeed had been ablated, a trained individual who was unfamiliar with the experiments attempted to visualize the cell that was ablated under the microscope at the conclusion of the experiment. In all cases the cell that had been ablated could not be found.
Results

Demonstration of memory 7 d after training
In all of the experiments presented in this paper a particular training regimen that produces a memory that lasts at least 7 d was used. We use this protocol so that the memory reactivation sessions could be administered at a time after training in which robust memory normally is exhibited. Here we show that this specific procedure indeed does induce a memory lasting at least 7 d.
Animals received either operant conditioning training (n ϭ 24) or yoked training (n ϭ 15), as outlined in Materials and Methods. Then 7 d later they received a memory reactivation session followed by a test for savings 4 hr later (Fig. 1) . A memory lasting beyond 4 hr is considered an LTM in our model system because it is dependent on both RNA and protein synthesis (Sangha et al., 2003a,b) . Animals that received operant conditioning demonstrated memory, whereas yoked animals did not (F (38, 5) ϭ 93.283; p Ͻ 0.0001). The test for savings for animals that received yoked training was significantly higher ( p Ͻ 0.01) than that administered to the operantly conditioned group. The test for savings for animals that received yoked training was not significantly different ( p Ͼ 0.05) from the first training session and was significantly higher ( p Ͻ 0.01) than the last training session.
For the animals that received operant conditioning, the memory reactivation session was significantly lower ( p Ͻ 0.01) than the first training session and not significantly different ( p Ͼ 0.05) from the last training session, thus meeting the criteria for memory designation. The test for savings administered 4 hr later was significantly less ( p Ͻ 0.01) than the first training session and not significantly different ( p Ͼ 0.05) from the last training session. Thus with this particular training regimen the animals demonstrated memory 7 d after training as well as showed successful memory reactivation and reconsolidation as tested 4 hr later.
Cooling can interfere with the reconsolidation process
Cooling has been used in several laboratories as a tool to disrupt memory formation (Yamada et al., 1992; Cartford et al., 1997; Morrison and van der Kooy, 1997; Sekiguchi et al., 1997; Sangha et al., 2003b) . If applied during the consolidation phase, it has been very successful in interfering with the cascade of events that lead to the formation of an ITM or LTM. We asked here whether this same technique can interfere with the reconsolidation process.
Snails (n ϭ 33) received operant conditioning training as outlined in Materials and Methods. Then 7 d later the animals were divided randomly into two groups (Fig. 2) . The first group (Fig.  2 A; n ϭ 19) received a memory reactivation session immediately followed by 1 hr of cooling (prechilled 4°C water). Animals then were placed in room temperature water until the test for savings (4 hr after the memory reactivation session). The second group did not receive a memory reactivation session (Fig. 2 B; n ϭ 14) but still were placed in 1 hr of cooling after which they were transferred to room temperature water until the test for savings. The animals that received a memory reactivation session in conjunction with cooling did not demonstrate memory, whereas the group that received the cooling alone did (F (32,5) ϭ 26.189; p Ͻ 0.0001).
The test for savings for those animals that received the memory reactivation session (Fig. 2 A) was significantly higher ( p Ͻ 0.01) than the test for savings for the group that did not receive a memory reactivation session (Fig. 2 B) . The animals that received a memory reactivation session before the cooling did not demonstrate memory during the test for savings. The test for savings was not significantly different ( p Ͼ 0.05) from the first training session and was significantly higher ( p Ͻ 0.01) than the last training session, thus not meeting the criteria for memory designation. In contrast, the second group, which did not receive a memory reactivation session, did show memory during the test for savings. The test for savings was significantly lower ( p Ͻ 0.01) than the first training session and not significantly different ( p Ͼ 0.05) from the last training session.
These data imply that, within the first hour after memory reactivation, the memory is susceptible to a technique commonly used to interfere with the consolidation phase in the formation of an LTM.
The reconsolidation process requires RNA synthesis Several laboratories have shown the need for new RNA synthesis in the formation of new long-term memories ) (for review, see Davis and Squire, 1984) . Here the commonly used RNA synthesis blocker actinomycin D was injected systemically into the snail immediately after memory reactivation.
Snails (n ϭ 55) were conditioned operantly, as outlined in Materials and Methods. Then 7 d later the animals were divided randomly into two groups (Fig. 3) . The first group ( Fig. 3A ; n ϭ 29) received a memory reactivation session immediately followed by either an actinomycin D (n ϭ 16) or saline (n ϭ 13) injection. The second group ( Fig. 3B ; n ϭ 26) did not receive a memory reactivation session but still were administered either an actinomycin D (n ϭ 12) or saline (n ϭ 14) injection. A single mixed design ANOVA was performed to test two between-group factors (i.e., Factor I, MR vs NoMR; Factor II, actinomycin D vs saline) and a within-group factor (i.e., training sessions vs tests for savings). The ANOVA was significant (F (54,7) ϭ 80.015; p Ͻ 0.0001), thus a post hoc Scheffé's comparison was performed to show which groups and sessions were significantly different. The first group ( Fig. 3A ; n ϭ 29) received a memory reactivation session in which they demonstrated memory. The memory reactivation session was significantly lower ( p Ͻ 0.01) than the first training session, and, although it was also significantly higher ( p Ͻ 0.01) than the last training session, it was not significantly higher ( p Ͼ 0.05) than either the second or third training sessions. Immediately after the memory reactivation session the animals were injected with either actinomycin D (n ϭ 16) or saline (n ϭ 13). A test for savings was administered to all of these animals 4 hr after the memory reactivation session. The test for savings for animals that received a memory reactivation session in conjunction with an actinomycin D injection was significantly higher ( p Ͻ 0.01) than the test for savings for all other groups. Animals injected with actinomycin D did not demonstrate memory during the test for savings; the test for savings was significantly different ( p Ͻ 0.01) from both the first and last training sessions, thus not meeting the criteria for memory designation. Animals injected with saline did demonstrate memory during the test for savings; the test for savings was significantly lower ( p Ͻ 0.01) than the first training session and not significantly different ( p Ͼ 0.05) from the last training session. Thus actinomycin D effectively blocked the reconsolidation process.
The second group ( Fig. 3B ; n ϭ 26) did not receive a memory reactivation session but did receive either an actinomycin D (n ϭ 12) or saline (n ϭ 14) injection at the same time as the first group. A test for savings was administered 4 hr later. The tests for savings for these two sets of animals were not significantly different ( p Ͼ 0.05) from each other. Both actinomycin D-injected and salineinjected animals demonstrated memory during the test for savings. The test for savings for both sets of animals was significantly lower ( p Ͻ 0.01) than the first training session and not significantly different ( p Ͼ 0.05) from the last training session.
In summary, this experiment demonstrates that, if RNA synthesis is blocked immediately after memory reactivation during the "hypothesized" reconsolidation process, memory will not be observed 4 hr later.
The soma of RPeD1 is required for reconsolidation
We have shown previously that the soma of RPeD1 is necessary for the consolidation and formation of a new long-term nondeclarative memory (Scheibenstock et al., 2002) . By ablating the soma of RPeD1, we are removing the nucleus of this cell and thus inhibiting RNA synthesis. Protein synthesis still can occur in the remaining neurite (Spencer et al., 2000) . Here we investigate whether the soma also is required in reconsolidating a long-term memory.
Snails (n ϭ 19) were conditioned operantly as outlined in Materials and Methods. Then 3 d later the animals were divided randomly into two groups (Fig. 4) . The first group (Fig. 4 A; n ϭ 9) received a memory reactivation session immediately followed by RPeD1 soma ablation. The second group (Fig. 4 B; n ϭ 10) also received the RPeD1 soma ablation procedure but did not receive a memory reactivation session. The animals that received a memory reactivation session in conjunction with the ablation did not demonstrate memory, whereas the group that received the ablation alone did (F (18,5) ϭ 37.265; p Ͻ 0.0001).
The first group (Fig. 4 A; n ϭ 9) received a memory reactivation session and demonstrated memory. The memory reactivation session was significantly lower ( p Ͻ 0.01) than the first training session and not significantly different ( p Ͼ 0.05) from the last training session, thus meeting both criteria for memory designation. Immediately after the memory reactivation session the soma of RPeD1 was ablated. Animals were given 4 d for full surgical recovery and were administered a test for savings. The animals received a MR session ( A), immediately followed by an injection of either ActD (n ϭ 16) or saline (n ϭ 13). The remaining animals (n ϭ 26) did not receive a MR session ( B) but still were administered either ActD (n ϭ 12) or saline (n ϭ 14). The group that received a MR session in conjunction with ActD did not demonstrate memory as tested 4 hr later. Salineinjected animals that also received a MR session did show memory 4 hr later. The remaining animals did not receive a MR session but still were injected with either ActD (n ϭ 12) or saline (n ϭ 14). Both groups showed memory 4 hr later during the test for savings; *p Ͻ 0.01 as compared with MR. Figure 4 . Soma of RPeD1 is required for reconsolidation. Operant training was administered (TR1-TR4) over the course of 2 d (n ϭ 19). Then 3 d later nine animals received a MR session ( A), immediately followed by the ablation of the soma of RPeD1 (SoAb), whereas the remaining animals (B; n ϭ 10) did not receive a MR session but still underwent the ablation procedure. Animals were tested for savings 4 d later. Memory was not observed in the group that received the MR session in conjunction with the ablation procedure. Memory was observed in the other soma-ablated group, the one that did not receive a MR session; *p Ͻ 0.01 as compared with MR.
test for savings revealed that these animals did not exhibit memory; the test for savings was significantly different ( p Ͻ 0.01) from both the first and last training sessions, thus not meeting the criteria for memory designation.
The second group (Fig. 4 B; n ϭ 10) did not receive a memory reactivation session 3 d later; however, the animals still underwent the RPeD1 soma ablation procedure. Similar to the first group, these animals also were given 4 d for full surgical recovery before a test for savings was administered. These animals, in contrast to the first group, did exhibit memory during the test for savings. The test for savings was significantly less ( p Ͻ 0.01) than the first training session and not significantly different ( p Ͼ 0.05) from the last training session.
In summary, this experiment reveals that the soma of RPeD1 is necessary for reconsolidation. We have shown previously (Scheibenstock et al., 2002) that the ablation of this soma before training prevents the formation of new long-term memories. Thus both consolidation and reconsolidation of an LTM in Lymnaea require the soma of RPeD1.
Discussion
In this paper we presented data consistent with the hypothesis that after memory reactivation there is a reconsolidation process that must occur to preserve the memory. That is, when a memory is reactivated, it enters a labile state and must undergo a process to stabilize it again (i.e., reconsolidation). We found that this reconsolidation process could be interrupted by cooling, by the RNA synthesis blocker actinomycin D, and by ablating the soma of RPeD1. Each of these procedures disrupted the reconsolidation process only when they were applied immediately after memory reactivation. That is, memory impairment was seen only in those animals in which the memory was reactivated just before the treatment that was used. The data presented here are consistent with other findings that amnesiac treatments have an effect only when applied during or immediately after memory reactivation (Nader et al., 2000; Anokhin et al., 2002; Debiec et al., 2002; Kida et al., 2002; Milekic and Alberini, 2002; Pedreira et al., 2002) . This indicates that memories can exist in an active, labile, disturbable state or in an inactive, stable state (Lewis, 1979) .
Why does a recently activated memory enter a labile, potentially disruptive state? The reconsolidation process may provide a dynamic mechanism by which memories can be updated and changed to better fit current environmental circumstances (Nader, 2003) . The current literature suggests that, when a memory is reactivated by stimuli associated with learning, there is a reenactment of at least some of the cellular events that occur during the initial consolidation (Sara, 2000) . Those memories that have not been recalled recently are stably encoded, but active memories may be altered in the interest of incorporating new information available at the time of recall (Sara, 2000) . Because "the only proof of there being retention is that recall actually takes place" (James, 1890) , what may be critical is not the original consolidation of newly acquired information but, rather, further integration of this information into aspects of other memories or behavioral representations (Sara, 2000) . However, the "updating" of memory may have consequences on the accuracy of memory, for example, the phenomenon of "false memory" (Thomas and Loftus, 2002) or "misattribution" (Schacter and Dodson, 2001) .
Is reconsolidation the recapitulation of molecular events that occur during consolidation? There are several lines of evidence implying that initial memory formation and reconsolidation use similar pathways. For instance, the requirement for NMDA receptors in consolidation has been shown in a variety of learning paradigms (Morris et al., 1986; Abeliovich et al., 1993; Bourtchouladze et al., 1994) and also has been reported to be necessary during reconsolidation in rats (Przybyslawski and Sara, 1997) , chicks (Summers et al., 1997) , and the crab (Pedreira et al., 2002) . A late ␤-adrenergic receptor-dependent phase also has been described for both consolidation and reconsolidation (Roullet and Sara, 1998; Przybyslawski et al., 1999; Sara et al., 1999; Sara, 2000) . In addition, CREB has been reported to be necessary for consolidation (Dash et al., 1990; Bourtchouladze et al., 1994; Yin et al., 1994; Guzowski and McGaugh, 1997; Kogan et al., 1997; Lamprecht et al., 1997) and reconsolidation (Kida et al., 2002) . Finally, the necessity of new protein synthesis during consolidation (for review, see Davis and Squire, 1984; Dudai, 1989; Squire and Kandel, 1999) and in the restabilization of a memory after memory reactivation also has been demonstrated (Nader et al., 2000; Anokhin et al., 2002; Debiec et al., 2002; Kida et al., 2002; Milekic and Alberini, 2002; Pedreira et al., 2002) . Some studies have disrupted reconsolidation after inhibiting protein synthesis in the same brain regions that require protein synthesis during the original learning (Nader et al., 2000; Debiec et al., 2002) .
The data presented here are consistent with the reports in vertebrate models (Debiec et al., 2002; Kida et al., 2002; Milekic and Alberini, 2002) that new RNA and protein synthesis are required for the reconsolidation process. We accomplished this via two ways, by administering 1 hr of cooling or by injecting actinomycin D immediately after memory reactivation. The disruption in memory reconsolidation was evident only if the memory was reactivated before treatment. We have seen a similar effect on LTM consolidation when either actinomycin D or cooling is administered immediately after initial training (Sangha et al., 2003a,b) . We also were able to prevent reconsolidation by removal of the soma of RPeD1 immediately after reactivation of the memory. The soma of RPeD1 is necessary for the initial consolidation process by which learning is embedded into LTM (Scheibenstock et al., 2002) . However, RPeD1 soma-ablated snails are still capable of associative learning and the formation of ITM, which persists for up to 3-4 hr (Scheibenstock et al., 2002) . ITM, although dependent on new protein synthesis, is not dependent on altered gene activity (Rosenzweig et al., 1993; . Thus all of our data support the hypothesis that reconsolidation of an LTM in Lymnaea is dependent on both altered gene activity and new protein synthesis. Our data also show that the soma of RPeD1 is necessary for both the initial consolidation process and the reconsolidation process. As discussed below, whether the soma of RPeD1 will be necessary for memory that has undergone repeated reconsolidation can be determined directly in the future.
One reported difference in the process of consolidation versus reconsolidation is in the role of the CCAAT-enhancing binding protein (C/EBP). C/EBP␤, a protein downstream of CREB, is believed to activate the transcription of late genes essential for the consolidation of memory, because it has been shown to be induced during the consolidation of a long-term memory in both Aplysia (Alberini et al., 1994) and rats (Taubenfeld et al., 2001 ). In addition, Lee et al. (2001) demonstrated that Aplysia sensory cells that overexpress C/EBP could display long-term facilitation with only a short-term facilitation-inducing protocol. Taubenfeld et al. (2001) have reported that, although C/EBP␤ is activated during memory consolidation, it does not appear to be a necessary event in reconsolidation. Collectively, the current data suggest that the sequence of events that are initiated in both consolidation and reconsolidation may converge on the activation of CREB but then subsequently diverge into separate and unique pathways. It is possible that this divergence in the molecular pathway for reconsolidation versus consolidation exists because the neural circuit for the storage of declarative memory, the type studied in the Taubenfeld et al. (2001) study, is different from the neural circuit that mediates the learned behavior (Milner et al., 1998) . It may be that in nondeclarative memory, the type studied here, such a divergence will not exist. This hypothesis needs to be tested directly and may show molecular differences between the molecular substrates of declarative versus nondeclarative memory.
Our data are consistent with this view because all treatments used in this paper prevented either gene activation or the events downstream of gene activation, namely new protein synthesis from preexisting mRNA. Using the RPeD1 soma ablation technique, we demonstrate that the soma of this particular cell is required for reconsolidation. To our knowledge this is the first demonstration that a single neuron is a necessary site for the reconsolidation process. It is imperative to note that the soma ablation procedure leaves behind a functional neurite in which local protein synthesis still can occur (Spencer et al., 2000) . Thus new protein synthesis from preexisting mRNA, although a necessary step, is not sufficient to restabilize a recently reactivated memory successfully.
It would be more efficient for a system to have newer memories be dependent on new protein synthesis and be labile but, eventually, after the memory has been reactivated several times, be protein synthesis-independent and more resistant to change. One possibility could be that during reactivation a given number of the same newly formed synapses are reengaged and subsequently destabilized and reorganized to incorporate new information (Milekic and Alberini, 2002) . Mathematical modeling suggests that the memory span could increase dramatically if there is a decrease in the fraction of synapses that are changed on each stimulus presentation (Fusi, 2002) . This supports the hypothesis that, on several reactivation episodes, a memory eventually would become independent of new RNA and protein synthesis and instead be resistant to further change. It might be possible in the future to test this hypothesis directly in our model system by repeatedly activating the operantly conditioned-induced memory and then ablating the soma of RPeD1 or applying cooling and then testing whether or not the reconsolidation process still requires altered gene activity or new protein synthesis.
